Abstract: Background and Purpose: Elbow fractures amount to 4.3% of all the fractures. The elbow is prone to stiffness after injury and fractures can often lead to significant functional impairment. Rehabilitation is commonly used to restore range of motion (ROM) and function. Practice patterns in elbow fracture rehabilitation have not been defined. The purpose of this study was to describe current elbow fracture rehabilitation practices; and compare those to the existing evidence base.
INTRODUCTION
Elbow joint fractures make up 4.3% of all fractures [1] . The elbow is prone to stiffness after injury and fractures can often lead to substantial functional impairment [1] . Early rehabilitation can make the difference between a functional limb and an extremity with permanent functional loss [2] . The goal of treatment is to restore motion and function. Fractures typically result in a loss of elbow extension range of motion [3] . Although many narrative reviews suggest that therapy should be routinely used following elbow fracture, a recent review of the evidence on optimal rehabilitation of post-traumatic elbow stiffness noted the paucity of evidence, a lack of clarity in defining rehabilitation interventions, and a reliance on expert opinions with respect to this topic [4] . This state of the evidence provides challenges to therapists wishing to utilize an evidence-based practice approach.
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Elbow fracture rehabilitation can begin within days of the initial injury, and continue throughout the bone healing and bone remodeling phases. The objectives of rehabilitation, the appropriateness of specific interventions, and the relative effectiveness of the treatment will vary depending upon which stage of rehabilitation is being addressed. Therefore, we divided our line of questioning into two key time periods during fracture recovery; the acute bone healing stage and the functional rehabilitation stage. The acute bone healing stage was defined as a stage of non-union, usually between 0-6 weeks post injury or until union occurs. The functional rehabilitation stage was defined as a stage where bone healing is confirmed by radiographs, generally 6-12 weeks post-injury and onward.
The objective of this study was to describe the practice patterns of hand therapists with respect to assessment, treatment, prognosis and outcome evaluation in elbow fracture rehabilitation.
MATERIALS AND METHODS

Survey Development
The survey was designed to acquire information on assessment procedures, prognostic indicators, interventions, and outcome measures. Review of the literature, a previous clinical practice survey, and discussion with clinicians were used to identify categories and responses to the pilot survey. Multiple drafts and edits were performed by the investigating team to refine the survey and response options. Following this a written version of the survey was piloted using a convenience sample of 10 physical therapists, who provided feedback on the format and acceptability of the content. Feedback resulted in slight modifications to the items to improve the clarity of the questions and shortening of the length of the survey. The finalized version of the survey was mounted using Mr. Interview 1 , a software program for webbased survey administration.
The final survey consisted of 165 questions classified into 6 broad sections with sub-sections under each category. The first category of the survey comprised of 31 questions under 2 sub-sections regarding the specific examination procedures including radiological and other diagnostic tests that were used to determine management of elbow fractures. The second category with 14 questions inquired which prognostic indicators were thought to be important in determining the optimal functional outcome of patients with elbow fractures. The third category was split into the acute bone healing stage (37 questions under 6 sub-sections) and the functional rehabilitation stage (48 questions under 6 subsections) and the questions were directed to identify which interventions were used most often and their perceived effectiveness. The fourth section comprised of a list of 19 outcome measures both impairment and self-reported measures and the respondents were asked to identify the ones they used. The final two sections included questions pertaining to the demographic characteristics of the respondents as well as a description of their clinical context and caseload.
Structured response options were provided for each question using a checkbox method and in most of the subsections of the survey there was an "other" option that could be clicked and respondents were able to type in the responses that were not included in the survey.
Population Sampling and Data Collection
This study was approved by the University of Western Ontario Ethics Review Board. Informed consent was obtained from all respondents in the survey. Following the ethics board approval the survey was distributed by broadcast emails to The American Society of Hand Therapists (ASHT), The Canadian Physiotherapy Association (CPA), and placed a web link within a newsletter of the Orthopedic Division of the American Physical Therapy Association (APTA). It was first sent out to members of ASHT during the month of April 2008 with a second request to follow a few weeks later. Next, the survey was sent to both CPA and APTA during the months of May and June 2008, respectively, also with a second request to follow. A third last request was also sent out to all three associations. The final data was collected 12 weeks after the initial broadcast email. A flow chart of the methodological process is shown in Fig. (1) . Fig. (1) . Flow chart depicting the study methods.
Data Analysis
After respondents completed the survey the data was collected and directly transferred from Mr. Interview into the Statistical Package for the Social Sciences (SPSS) version 15.0. Descriptive statistics were run to get details pertaining to examination procedures, prognostic indicators, interventions, outcome measures, demographic characteristics, and caseload information. Data were reported as percentages and frequency distributions where appropriate.
RESULTS
Subjects
The survey targeted hand therapists (n=315) throughout the United States (n=290; 92%) and Canada (n=25; 8%).
89% of the respondents were certified hand therapist (CHT). From the demographic characteristic section of the survey, it was found that the majority of the respondents were female (89%) in the age range of 40-49 years old (See Table 1 ). The majority of respondents (71%) reported practicing greater than 15 years. The majority (80%) of the respondents were providing direct patient care in urban practices. The highest degree attained by 61% of respondents was a baccalaureate degree; of which 84% were occupational therapists and 6% were physiotherapists. Lastly, there was a wide variety of practice settings with the most common facilities being acute care hospitals with outpatient clinical services (30%), therapist owned outpatient therapy clinics (27%), and physician owned outpatient therapy clinics (23%) (See Table  1 ).
Examination Procedures
Acute Stage: Radiographs were the most commonly utilized imaging technique, with 66% of the respondents reporting that they "always or frequently" used them. Other imaging techniques were infrequently used including: angiography (1%), bone scan (4%), computed tomography (CT) scan (11%), and magnetic resonance imaging (MRI) (15%). Greater than 90% of the respondents answered that they "always or frequently" used the following assessment methods: observation for deformity (96%), assessment of the unaffected surrounding joints (95%), and palpation of the area for swelling (90%). Least agreement was found for the use of vibration/tap test (4.8%) (See Table 2 ).
Rehabilitation Stage: During the functional rehabilitation stage, radiographs were reported as "always or frequently" being consulted by the majority (58%) of the respondents. Again imaging techniques like angiography (1.6%), bone scans (3.2%), and CT scans (10.1%) were rarely used. A wide variety of assessment techniques were reported as commonly used by therapists during the rehabilitation stage. The greatest endorsement (>80% of respondents reporting "always or frequently"using) was for the assessment of: ROM (99%), joint deformities (94%), functional performance (94%), unaffected surrounding joints (93%), grip strength (89%), elbow (Biceps/triceps) strength (86%), swelling (86%), and pain (81%). Similar to the acute stage the least used assessment technique was the vibration/tap test (10.7%) (See Table 3 ).
Prognostic Indicators
Greater than 99% of respondents reported the following factors to be having very high prognostic relevance: compliance with an exercise program (96%), classification/severity of fracture (93%), time since fracture (91%) and co-morbidities (80%). The least consensus was obtained on the level of education (18%) and ergonomic changes at the worksite (30%) as prognostic factors. Moderate consensus was obtained for all the other prognostic factors (See Table 4 ). When respondents were asked to provide any other prognostic indicators, some listed additional factors including: pain tolerance, psychological factors, social factors, socioeconomic factors, and accessibility. 
Treatment
Acute Stage: During the acute bone healing stage education regarding precautions, rest and activity modifications, and pain management were "always or frequently" a component of treatment post elbow fracture. AROM and active assisted ROM (AAROM) were "always or frequently" used by 87% and 75% of clinicians respectively. Passive ROM (PROM) (32%) and stretching (26%) were included less frequently, and strengthening was "always or frequently"incorporated by very few (4%). Posture (72%) and ergonomic modification (40%) interventions were included to a lesser extent. Orthotic devices were commonly, but not consistently, used by clinicians. Static splinting (58%) was most commonly used, whereas all other orthotic devices were reported as being used "always or frequently" by less than 15% of therapists (See Table 5 ).
Therapeutic modalities were not frequently used in treatment during the acute stage. The combination of rest, ice, compression, and elevation (RICE) (77%) was most frequently used, followed by heat (wax therapy /hydrocollator packs) (63%), compression alone (61%), and ice alone (50%) (See Table 5 ). All other modalities were "always or frequently" used by less than 20% of those surveyed. Common treatment areas reported in addition to the elbow were the wrist (81%) and shoulder (74%), with a small percentage (15%) "always or frequently" treating the neck. The strongest consensus about modalities that were never used included magnetic field therapy (97%) acupuncture (97%), pneumatic pump (87%), and laser (86%). CPM and taping were never used by 68% and 64% of therapists, respectively. The respondents were given an option to provide some other treatment techniques they use other than what was listed in the survey. These responses included myofascial release techniques, multi-angle isometrics, patient education on the healing process, high voltage pulsed galvanic current, and progressive static splinting.
In terms of effectiveness of the treatments, both AROM and AAROM were reported to be very effective therapeutic modalities by 83% of respondents, followed by RICE (74%), compression (71%), heat (67%) and ice (57%). All other therapeutic modalities were reported to be very effective by not more than 40%. Education regarding precautions (86%), and treating the wrist (91%) and shoulder (85%) was reported as very effective interventions by most therapists. A bar graph of the common treatments used in the acute stage and their perceived effectiveness is shown in Fig. (2) .
Rehabilitation Stage Goals for therapy during the functional rehabilitation stage differ from those of the acute stage. During the rehabilitation stage, therapists focus more on the restoration of function and less on pain and edema management. With respect to treatment involving exercise prescription, surveyed therapists most commonly agreed on prescribing elbow AROM (99%), elbow stretches (98%), Therapists also reported that patient education is an important part of rehabilitation post elbow fracture. The highest consensus was for teaching home program to the patient (99%). The majority of therapists also responded that education about movement/range precautions (93%), the balance between rest and activity with regards to healing (88%), and techniques for pain management (87%) were commonly used (See Table 6 ).
By far the most commonly used modality in the functional rehabilitation stage was heat (89%). There was little to no use of acupuncture, magnetic field therapy, or ionization. Manual therapy techniques most commonly employed were massage, followed by mobilization with movement (MWM) and glides. Slightly more than half of the therapists reported the use of myofascial release, and oscillatory techniques. Only one quarter of the respondents used manipulation.
Orthotic devices were not used commonly in the rehabilitation stage when compared to its utilization in the acute stage. Less than half of the therapists reported prescribing orthotics for patients. Finally, the majority of therapists also treated the wrist and shoulder following an elbow fracture. The respondents were given an option to provide some other treatment techniques they use other than what was listed in the survey. Their responses included weight bearing exercises, joint protection, functional casting, and serial static splinting.
Implementing a home exercise program (93%), stretching (91%), AROM (91%), strengthening (90%), and functional activities training (90%) were reported to be very effective at this stage by the majority of respondents. A slightly smaller number reported that heat (77%) was a very effective modality. All other therapeutic modalities were reported to be very effective by less than 50% of Respondents. When asked about the perceived effectiveness of soft tissue and mobilization techniques, MWM was most often found to be very effective (65%), followed by massage (58%). Treating the wrist (84%) and shoulder (76%) were reported as very effective interventions by most therapists. Overall, perceived effectiveness was aligned with the frequency of use. A bar graph of the common treatments used in the rehabilitation stage and their perceived effectiveness is shown in Fig. (3) .
Outcome Measures
The most common outcome measures that were reported as being used "always or frequently" were the impairment measures including: goniometry (99%), Jamar dynamometry (97%), hand held dynamometry (HHD) (97%), and manual muscle testing (MMT) (89%) (See Table 7 ). The numeric pain rating scale (NPRS) (84%) was the only self-reported measure that was agreed upon by all respondents as "always or frequently" used. The least commonly endorsed outcomes measures (i.e. those that were reported as "never used") were mostly the self-reported outcomes; the Canadian Occupational Performance Measure (COPM) (93%), short form 12 and 36 (92%), and the Upper Extremity Functional 
Always/Frequently
Scale (UEFS) (90%). See Table 8 for a full list of self-report measures reported.
When respondents were asked to provide the name of any other outcome measures, they gave a variety of answers. Other impairment measures include 9 hole peg test, Valpar 4, Purdue pegboard, pinch meter, and O'Connor tweezer test. While other self-report measures included ASES-elbow, Quick DASH, patient self-reporting of satisfaction and some non-standardized measures were occasionally specified.
DISCUSSION
This study surveyed upper extremity therapists, to determine current practice patterns and clinical beliefs pertaining to elbow fracture rehabilitation. Hand therapists with upper extremity certification formed the majority of the respondents. Expert opinion is considered the lowest level of evidence to support clinical practice; but it is acknowledged that its quality is enhanced by consensus exercises. Thus, this survey which identifies some areas of expert consensus can provide some support for elbow fracture management; and allows for examination of the gaps between evidence and practice.
Our results indicate that patient education is perceived as an essential component of elbow fracture rehabilitation throughout all phases of fracture healing. High levels of consensus on the use of AROM and AAROM exercises were achieved with respect to the acute stages, whereas functional performance was the focus beyond 6 weeks post injury. Unfortunately, the evidence to support elbow fracture rehabilitation is sparse [4] ; although it does support early active motion. The use of ultrasound without concordance; which is not surprising given the lack of clear evidence.
Static splinting has been reported to be very effective in protecting the repaired structure and to facilitate healing [6] . It is of paramount importance in the immediate postoperative phase and the early joint protection phases of rehabilitation. Usually these splints are used anywhere between 2 weeks to 8 weeks post-operatively and this depends on the stability of the fracture and the severity of the injury [6] . However in the current survey only 58% of them have reported to use it regularly. Survey methods do not allow us to explore the reasons for responses. However, it may be possible that other methods of immobilization are used in the acute phase that were not specified.
A systematic review by Murdoch et al, described how weakness of the muscles surrounding the fracture site can persist long after full bone healing has occurred [7] . Similarly, it has been reported that return of strength may take 6 months or more following a fracture [8] . In our survey, only 4% of the respondents reported utilizing strengthening exercises regularly within the first 6 weeks of injury. There has always been a debate in the literature regarding the right timing to initiate strengthening exercises in rehabilitation after elbow fracture. However, before initiating a strengthening exercise protocol, important factors such as the type of fracture, the duration of fracture and the severity need to be taken into account. Muscle strengthening is typically avoided when it is thought it might compromise the stability of the fracture site. Progressive strengthening exercises can be initiated for the entire upper extremity after splint removal for simple uncomplicated fractures. Exercise can start with hand strengthening; and is followed by isometrics of the elbow and forearm as pain decreases. In more complex fractures strengthening may be started only after 8 to 12 weeks [9] . In hand centres the proportion of complex cases might be higher; and this is reflected in low rate of early strengthening exercises. The current data indicate that the early focus is on regaining joint range of motion.
In our study only 17% of the therapists reported "always or frequently"using ultrasound during the acute stage of healing. The effectiveness of pulsed ultrasound is proven in distal radius fracture [10] . Low-intensity, non-thermal, and pulsed were the parameters proven to accelerate the bone healing process [10, 11] . There is no strong evidence to support the effectiveness of pulsed ultrasound in accelerating bone healing in elbow fractures. The distal radius fracture is a relatively less complicated area than the elbow fractures hence we cannot generalize the findings for distal radius fractures to elbow fractures. Further the dosage needed to promote bone healing is quite different than needed to treat pain and swelling; and we did not explore indications or dosage to see why ultrasound was used by some respondents. There appears to be a knowledge gap in this area that should be addressed in future research.
The most commonly reported exercise interventions for the treatment of elbow fracture at the functional rehabilitation stage are AROM, stretching, strengthening, functional exercise, PROM, and AAROM. This is consistent with the early focus on joint motion; and the fact that AROM is the predominant outcome measure. Bano et al. [12] . have proposed a protocol for elbow fracture rehabilitation which included all of the above interventions on which the therapists in our survey agreed upon.
Heat was the only modality that was reported to be used "always or frequently"by therapists, and was also reported to be the most effective as an adjunct in facilitating joint motion by increasing tissue extensibility [13] . A doubleblind repeated measures trial by Robertson et al. [14] reported that deep heating increases tissue extensibility in the absence of stretching, and that superficial heating is better than no heating at all. There are no specific studies that focus on the effect of heat modalities in elbow fracture rehabilitation. The fact that there is evidence supporting the use of heat to improve tissue extensibility suggests that further studies on defining and optimizing its usage for elbow fracture rehabilitation are warranted.
In the survey, massage was reported as a commonly used "hands-on" treatment. There is a lot of literature on the effects of massage, but researchers are not in complete agreement due to the variable quality of the available evidence. A recent systematic review reported that the trial evidence supported the effectiveness of massage for a range of conditions, but not specifically as a treatment for post elbow fracture [15] . Van den Dolder et al. [16] found that massage increased ROM and decreased pain in subjects with shoulder pain after 6 treatments. However, there are no specific studies addressing the effectiveness of massage in elbow fracture rehabilitation and it would be premature to make any strong recommendations from the results of this survey.
MWM was the second most commonly used manual therapy technique in the rehabilitation stage. The extent to which respondents reported using this technique to treat elbow fractures is interesting as it is not a component of entry-level education and learned through post-graduate clinical courses. This technique is a part of the Mulligan concept for mobilizations, and has been found to be effective in improving pain and restoring function post colles fracture when pain is the predominant limitation [17] . The role of MWM in elbow fracture rehabilitation is yet to be explored and no strong conclusions can be made based on the current literature base.
It is useful for therapists to agree upon core outcome measure to evaluate a specific patient population because it allows comparability across centers and studies on the outcomes achieved. The most commonly used outcome measures were goniometry, grip strength (Jamar), HHD, MMT, and the NPRS. These outcome measures are impairment-based rather than activity-based. This finding is consistent with previous studies showing similar practice patterns of distal radius fractures [18] . The focus on strength measures in initial assessment but not during treatment is an interesting discordance.
It is interesting to note that self-report outcome measures used in other areas of hand therapy practice as well as measures specifically designed for the elbow are not commonly used as outcome measures for elbow rehabilitation. The Disabilities of the Arm, Shoulder, and Hand (DASH) has been demonstrated to be a valid and reliable tool across a wide variety of upper extremity conditions including proximal and distal disorders of the upper extremity [19] [20] [21] The Patient-Rated Elbow Evaluation (PREE) measures pain and disability in patients with elbow disorders [22] [23] [24] and has been used in a variety of elbow populations. The Upper Extremity Functional Scale (UEFS) has been compared to the DASH and the Upper Limb Functional Index (ULFI) and was determined to be comparable in validity and reliability [25] . When asked if there was another measure that respondents use that was not an option in the survey, 19% (72.2% of those who said "other") reported that they use the Purdue Pegboard Test.
This test measures fine manual dexterity and was determined to be reliable and valid for those with a disability and limited functional capacity secondary to impairment of the upper limb, hand injury, Raynaud's disease, rheumatoid arthritis, and diabetes mellitus [26] . The validity of using a measure of fine dexterity in the assessment of elbow function is questionable; particularly given the fact that more relevant tests are available. For example, dexterity tests that would assess forearm rotation (i.e. The Minnesota Rate of Manipulation) or performance-based tests that assess gross motor function such as the FIT-HANSA [27] might be more appropriate. The FIT-HANSA is a recent publication, so it was not unexpected, that it would not be in common usage.
It was reported that a lesser number of hand therapists use self-report measures; this is a stark contrast to the high reliance on impairment measures. Since previous research has demonstrated that self-report measures are actually better predictors of return to work than are impairment measures [28] , it would seem that this is a notable gap between evidence and practice.
Clinicians need to be aware of reported validity, reliability, internal consistency, responsiveness and minimal detectable change of the measures they are considering, as well as the patient population they were developed for and tested in to make a decision as to which is the most appropriate measure to use. It may be that the lack of use of self-report measures with respect to elbow rehabilitation is in part due to the lack of psychometric studies in this area. However, given that a similar trend was observed with respect to distal radius fractures [18] where numerous psychometric studies are available, this explanation alone does not suffice. Therapists who rehabilitate patients with an elbow fracture need to be in agreement on core outcome measures in order to evaluate change against a standard. With the move toward a hand therapy database, it would be an opportune time to improve the use of understanding of self-report measures, as these are more consistent with a functional rehabilitation objective.
Overall, linking evidence to practice indicates substantial gaps in knowledge. The development of evidence-based clinical practice guidelines should be based on strong evidence, clinical consensus and patient input. This survey could inform that process; but, in the absence of strong evidence differentiating different treatment options it would not be possible to define clear evidence-based guidelines at this time.
This study provides a sense of what constitutes a typical elbow fracture rehabilitation. However, the findings must be considered in light of study limitations. The number of certified hand therapists was 2340; but we do not know if the email was received by all; so we cannot determine a response rate. The access to Canadian and American Physical therapists was limited; thus our response primarily reflects the views of Occupational therapists who were hand therapists. Further, it was our intent to represent the views of therapists in both Canada and the United States, but only 8 of the respondents were from Canada. These findings suggest that the practice patterns may not be pertinent to therapists outside of the United States.
The structure of our survey may have affected the reporting. We divided management into acute and rehabilitation stages of fracture healing; but, therapists may not have been able to accurately answer within these classifications. Additionally, we may not have captured all possible treatment interventions within our survey options. Furthermore, respondents may have had difficulty assessing effectiveness; particularly for interventions they seldom used; or ones that they used for a specific indication. Finally, practice patterns were self-reported; and we do not know the reliability or validity of the reporting; nor were we able to establish cause and effect relationships.
Implications for Practice: This study described current practice in elbow fracture rehabilitation defining many areas of consensus including the early focus on regaining motion through the use of active exercise. However, there are large gaps between practice and supporting evidence including how to optimize regaining motion. Future research is now needed to determine the effectiveness of primary and adjunctive interventions, as well as the optimal treatment parameters including frequency, intensity, and duration of these interventions.
CONCLUSION
This study has identified general practice patterns currently used by hand therapists in North America. This survey has highlighted exercise, education, and functional activity as primary components of elbow fracture rehabilitation. Future research should focus on defining the optimal dosages, progressions and types of exercise/ activities, as well as core measures to monitor outcomes of these interventions. The findings of this study will help direct further studies in the area of elbow fracture rehabilitation, leading to the development of evidence-based CPGs to assist therapists in best practice for this population.
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